Introduction
Two species of chytrid fungus, Batrachochytrium dendrobatidis (Bd) (Longcore et al. 1999 ) and 3 Batrachochytrium salamandrivorans (Bsal) (Martel et al. 2013) , are the etiological agents of 4 chytridiomycosis, a necrotic skin disease that is a major driver of the global decline in amphibian 5
biodiversity (Scheele et al. 2019 ). 6 7 Batrachochytrium dendrobatidis (Bd) was the first pathogen known to cause chytridiomycosis. 8 Its isolation in 1999 (Longcore et al. 1999 ) prompted vigorous efforts to understand Bd's basic 9 biology, geographic distribution, and the major factors promoting its spread and persistence caecilians (Gower et al. 2013) . Bd has been detected on every amphibian-inhabited continent 13 and is presumed to have spread through the globalized trade of infected amphibians originating 14 from endemic areas (Schloegel et al. 2012 ). The impact of Bd has been particularly pronounced 15 for frogs, and has already driven 90 species to extinction (Kilpatrick et al. 2010 , Scheele et al. 16 2019). Although many questions remain unanswered, the ability to isolate Bd from amphibians 17 and maintain Bd cultures in the laboratory (Garner et al. 2016 , Waddle et al. 2018 2018) has advanced the understanding of its epidemiology and enabled the evaluation of 19 mitigation strategies to prevent further declines and extinctions (Waddle et al. 2018) . 20
Batrachochytrium salamandrivorans (Bsal) was identified in 2013 following a sudden crash in 21 Fire Salamander (Salamandra salamandra) populations in the Netherlands (Martel et al. 2013 ). 22 While both frogs and salamanders can be infected by experimental exposure to Bsal (Stegen et  23 al Salamandridae are especially susceptible to Bsal and often experience high levels of disease 26 and mortality (Martel et al. 2013) . 27
Bsal is thought to have originated and naturally coexist in amphibian communities throughout 28 Asia without causing apparent harm (Laking et al. 2017 observed outside of Europe, Bsal poses a significant threat to global salamander biodiversity 32 and is predicted to soon spread to North America, if it has not already (Watts et al. 2019) . 33
To prevent a Bsal pandemic that could rapidly drive salamanders to extinction, we need to 34 develop conservation and disease management strategies that are based on controlled 35 laboratory research. This requires established techniques for maintaining laboratory cultures of 36 Bsal, and there is growing interest in a common set of protocols to standardize practice among 37
laboratories. Here, we provide an overview of maintenance of in- It is important to carefully consider what kind of medium to use as this decision influences Bsal 27 growth (see "Recipes"). To determine which is optimal, we estimated growth rates of Bsal 28 zoospores grown in a variety of liquid media types by tracking the change in optical density 29 (Figure 2) . While all tested media facilitated Bsal growth, the growth rates were highest in TGhL 30
and Tryptone media compared to potential alternatives (Tukey, p < 0.01). Moreover, the growth 31 rates of Bsal grown in half-strength TGhL were significantly higher compared to cultures grown 32 in 1% Tryptone media at either full or half-strength (Figure 2 ). Based on these data, and a 33 desire to promote uniformity in culturing across laboratories, we recommend using half-strength 34 TGhL Growing cultures at high densities can cause an accumulation of cell waste and deplete 20
nutrients that may limit cell growth. Growth of Bsal at very high densities can result in an 21 irrecoverable state of arrested growth characterized by sporangia that fail to mature and 22 sporulate. To maintain high, but not overcrowded, cell densities, we routinely start liquid cultures 23 using both 1:10 (1-part zoospore culture from old flask, to 9 parts fresh media) and 1:20 ratios to 24 ensure robust growth in at least one flask of cells. This technique results in a final concentration 25 of around 3e4 zoospores per mL without having to count zoospores at each passage. To 26 prevent the overgrowth of cultures, we recommend subculturing on a regular schedule. For 27 example, growing at 15 C with half-strength TGhL, we subculture at 1:20 ratio every four days. 28 We also recommend storing the old culture flask at 4 C for one to two weeks as a backup in 29 case the new culture becomes contaminated. 30 31
Synchronizing liquid cultures:
A synchronous culture contains cells in the same growth 32 stage and can be quite useful for experiments that require large numbers of zoospores. To fully 33 synchronize a culture, we recommend adding 6 to 7e6 age-matched zoospores (see 'Harvesting 34
Zoospores' and 'Counting zoospores' sections below) suspended in half-strength TGhL liquid 35 media to a 75 mm 2 TC treated flask. Typically, a newly synchronized Bsal culture grown in this 36
way will release zoospores four to six days later (see 'Harvesting Zoospores'). In our 37 experience, adding too many or too few zoospores results in a less synchronous culture. 38 39
Subculturing on solid media: Bsal grows well on solid media made of full or half-strength 40
TGhL or 1% Tryptone agar with or without added antibiotics (see 'Antibiotic Recipes'). While it is 41 possible to subculture Bsal on solid media using cells grown on a plate (plate to plate 42 subculturing), we recommend subculturing on solid media using liquid-grown cells (liquid to 43 plate subculturing). We typically add ~5e6 total zoospores harvested from liquid culture (see 44
'Harvesting Zoospores' and 'Counting zoospores') to each agar plate pre-chilled to 15 C. 45
Sterilized glass beads or glass spreaders are then used to spread the zoospores evenly across 46 the plate. 47 48
Mixed stage cultures can also be used to inoculate solid media and can be useful for rapidly 49 producing large numbers of zoospores. First, use a sterile cell scraper to dislodge sporangia 50 from the wall of the TC treated flask and then gently swirl the flask to homogenize the culture. 51
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Add 1 mL of the mixed culture to a pre-chilled agar plate and spread by tilting the plate side to 1 side. 2 3
Once an agar plate has been inoculated with zoospores or a mixed stage culture, place plates 4 agar side down at 15 C to allow the added liquid to completely soak into the agar (approximately 5 30 minutes). To determine whether the liquid has been sufficiently absorbed, agar plates are 6 observed while being tilted side to side. If a liquid sheen is present on the surface of the plate 7 but no moving liquid is observed then the plate is wrapped in parafilm, turned with the agar side 8 up, and stored at 15 C for the remainder of the growth period. If liquid freely moves across the 9 plate, the liquid is given additional time to absorb. Grow until obvious colonies develop and 10 zoospores can be seen using a microscope (Figure 3) . Because Bsal is sensitive to 11 desiccation, agar plates should be carefully monitored to ensure they do not dry out. If plates do 12 dry out, a humid chamber can be used to store plates in the incubator; a clean baking pan 13 covered with aluminum foil along with a beaker of sterile water works well. 14 start with a precisely age-matched population of zoospores. This protocol is similar to the 8 general harvesting outlined above but uses a much shorter collection time. Start with a 9
synchronized culture grown in a TC treated flask; when the sporangia in the culture are just 10 beginning to release zoospores, pour out the media from the side of the flask opposite to 11 adhered sporangia to prevent dislodging sporangia from the flask wall. Rinse the remaining 12 zoospores from the flask by adding 10 mL of fresh media by flowing it gently across the 13 sporangia and out of the flask. Sterile Bonner's Salts, mPmTG, or fresh half-strength media (see 14 'Recipes') can be used for washing based on the intended use of the zoospores. Repeat this 15
wash step a total of three times, being careful to not allow cells to dry out. After the final wash, 16 add 10 mL of fresh liquid (the same used for the wash steps) to the flask, and check to ensure 17 that nearly all zoospores have been removed. Only a few swimming zoospores should be visible 18 when the flask is examined under an inverted microscope. 19 20
Return the flask to 15 C for 2 hours to allow for fresh zoospores to be released. The specific 21 incubation time depends on how closely age-matched the population needs to be; in general, 22 longer incubations result in a higher number of less tightly age-matched zoospores. After 23
incubating, collect the newly released zoospores and, if necessary, centrifuge at 2500 relative 24 centrifugal force (rcf) for 5 minutes to pellet cells and resuspend for desired zoospore 25 concentration. 26 27
Harvesting zoospores from solid media:
Zoospores can also be harvested from Bsal 28 grown on solid media (see 'Subculturing on solid media'). Typically, plates are ready for 29 harvesting 5 to 6 days after inoculation. To determine whether an agar plate is ready for 30 harvesting, examine it under a microscope (inverted or compound) turned with agar side up. If 31 large clumps of sporangia and active swimming zoospores are visible using a 10X objective 32 (Figure 3) , the plate can be used for zoospore harvesting. 33 34 To stimulate zoospore release from sporangia, flood the plate with 1 to 2 mL of liquid media and concentrations, it is helpful to start with a known concentration or number of cells. The most 5
reproducible way to count cells is to count zoospores, as each zoospore represents one colony-6 forming unit, while sporangia can, in principle, give rise to many colonies. We recommend using 7 a hemocytometer (for introduction to hemocytometer use, see (Absher 1973) ) and a 40X 8
objective. Zoospores swim quickly and make accurate counting difficult. Therefore, we typically 9
fix zoospores prior to counting using Lugol's iodine (1:100 dilution) that stains cell membranes, 10 allowing greater contrast under the microscope. Fixation also reduces the likelihood of 11
contaminating lab surfaces with live zoospore cultures. For studies where zoospore 12 concentration is important, concentration can be adjusted accordingly using serial dilutions. 13 Viability should then be estimated by adding Trypan blue (0.4%) to zoospores (1:2 dilution) and 14 used to differentiate live and dead cells (Stockwell et al. 2010 ). Flow cytometry is another 15
technique that can be used to count zoospores and estimate viability, although a protocol for 16
Bsal zoospores has not yet been developed. 17 18 19 Bsal can be isolated from infected host tissue using methods described by Martel Aliquot 1 mL of the cell solution into pre-labeled cryovials equipped with gaskets and transfer to 4 an isopropanol container (e.g. "Mr. Frosty" Sigma cat.# C1562 or equivalent, note: this is 5 essential) that has been pre-chilled to -80 C. Place the isopropanol container in a -80 C freezer 6 for 24 to 48 hours. Move the frozen cryovials into liquid nitrogen for long-term storage. 7 8
Isolation of Bsal from infected tissue
6.2 Thawing: To thaw, remove one cryovial from liquid nitrogen and swirl in a beaker with 9 lukewarm water (approximately 25 to 35 C), until the contents are just thawed, being careful to 10 keep the lip of the sealed tube above the waterline. Add the thawed sample to 10 mL of culture 11 media pre-chilled to 15 C. Using additional media, rinse any remaining cells from the cryovial 12 and combine. To remove the DMSO, centrifuge the media-cell mixture at 2500 rcf for 5 minutes, 13 immediately discard the supernatant, and resuspend the cell pellet in 10 mL of culture media 14
pre-chilled to 15 C. Transfer the cells to a 25 mm 2 TC treated flask and examine using a 15 inverted microscope. If the cells are confluent after settling to the bottom of the flask, we 16
recommend diluting an aliquot 1:10 into an additional flask and monitoring both to make sure at 17 least one is not overcrowded. Incubate the culture(s) at 15 C and observe daily. When 18 swimming zoospores are visible, the culture is ready to begin liquid subculturing (see 19 'Subculturing in liquid media'). 20 21 22 23 The amphibian chytrid pathogen Bsal poses a significant threat to global biodiversity. The ability 24
Conclusion
to develop the mitigation and conservation strategies required to effectively manage a Bsal 25 outbreak is limited by large gaps in our knowledge about the basic biology of this deadly 26 pathogen. We provide recommendations for growth and handling to help close these gaps by 27 lowering the barriers for new researchers working with Bsal, and by facilitating the comparison 28 of results from different laboratories. We therefore recommend that researchers follow the 29 procedures outlined here and describe any necessary deviations from these procedures in as 30 much detail as is practical in the materials and methods section of the relevant manuscript. 31 32 33 8. Recipes 34 35 8.1 Liquid media 36 After adding each ingredient listed below, bring the volume up to 1 liter (L) with deionized water 37 (diH2O). Autoclave all mixtures before use and/or storage. Liquid media can be stored at 4 C, 15 38 C, or room temperature but should be brought to 15 C prior to being used for culturing. 39 40
Full-strength TGhL (1L): 41 16 g tryptone 42 4 g gelatin hydrolysate 43
2 g lactose 44 45
Half-strength TGhL (1L): 46 8 g tryptone 47 2 g gelatin hydrolysate 48
1 g lactose 49 50
Full-strength 1% Tryptone (1L):  1  10 g tryptone  2  3 Half-strength 1% Tryptone (1L): 4 5 g tryptone 5 6
mPmTG (1L): 7 0.5 g peptonized milk 8
0.5 g tryptone 9 2.5 g glucose 10 11
Provosoli at pH 7.0 (1L): 12
Add 2 mL of each salt: 13 NaNO3 (6.25 g in 250 mL diH2O) 14
MgSO4 · 7H2O (5.0 g in 250 mL diH2O) 15
CaCl2 · 2H2O (3. to filter each antibiotic into a sterile tube to sterilize. Aliquot sterilized stock mixtures and store at 45 -20 C. Prior to using, thaw aliquots at room temperature and use a sterile pipet to add 10 µL of 46 each stock mixture per 10 mL liquid media. 47 48
Antibiotics for solid media: 49
Dissolve 0.1 g of Ampicillin sodium salt (371.39 g/mol) and 0.1 g of Streptomycin sulfate 50
(1,457.39 g/mol) in 2 mL nanopure water. Sterilize by filtering through a 0.2 µm cellulose 51 Page 10 acetate syringe filter. Add 1 mL prepared antibiotics per 500 mL autoclaved solid media that 1 has been cooled to 60 C. Gently swirl to mix and pour plates as normal. 2 3 9. Acknowledgements 4 5 We would like to thank Amanda Tokash-Peters for data collection on prelimary growth assays 6
and Dr. Louise Rollins-Smith for helpful discussions. This work was supported by the National 7
Science Foundation (IOS-1827257 to L.F.-L. and 1814520 to M.J.G.). 8 9 Once a motile spore is ready to colonize, it will encyst and retract its flagellum. E. Cysts develop 6 one or several rhizoids. F. Thalli (immature sporangia) increase in volume before maturation. G. 7 The mature sporangia produce zoospores internally and assemble a discharge tube (indicated 8 by arrow). H. Zoospores are then released from the sporangia via discharge tube and begin the 9 cycle again. Cells were imaged using a 40X air (1C) and 100X oil objective (all others). Scale 10 bar represents 10 μm. 11 Once a spore is ready to colonize, it will encyst and retract its flagellum. E. Cysts develop one or several rhizoids. F. Thalli (immature sporangia) increase in volume before maturation. G. The mature sporangia produce zoospores internally and assemble a discharge tube (indicated by arrow). H. Zoospores are then released from the sporangia via discharge tube and begin the cycle again. Cells were imaged using a 40X air (1C) and 100X Bsal zoospores (5e4 per well) were inoculated into the wells of a 96-well TC treated plate containing the indicated media. Growth was measured daily by optical density (OD) using an Omega FluorStar spectrophotometer at 492 nm for five days. Growth rate was calculated as the slope of OD measurements through time. Growth rate significantly differed among medias (ANOVA, F 8,62 = 54.98, p < 0.001). Treatments with different letters are statistically significant from each other, but treatments with the same letter are not. An inset of C as indicated by the dotted box. A discharge/exit tube (E) appears as a semi-translucent growth off the side of a sporangium.
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Figure Legends
